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Clonogeaic assay with established human tumour xenografts: 
correlation of m vitro to in vivo activity as a basis for anticancer 

drug discovery 
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A.bstriict 

PhijipoteiU cells am be grown in cloaogcnic afisays. The tumour stenvccll fhiclion, whlok accounts for <0.4*/ft of the tolftl coWSt 
and which is considered the most i-elevtuit cell type In the dwiopment of metnstases tmd recurrences, is sibie to divide and to form 
colouiea m ft semisolid nvdixh (wgtir or metby [cellulose), Miijar applications of tlie ttimour clonogenic may (TCA) tiro chemo- 
scnskivlty testing of tumours md xcnogrufts, and For iiS!4essment5 withhi di'ug discovery pvogremmes. Of critical i'Dlevaucc for th<s 
usefulness of the TCA h wlicthev it Qm\ predict semitivity or reslsfcunce towards cllnicfilly used ugonts, Whcij wc coraparecl 
the fespoRse cf hmim Iximouvs established as xenografts in mide mice hi the TCA Ai vitro to tlmt of the clidcu! response, 62Vo of 
tlKj comparisons for dn\g senslclvlty. and 92% of Uie comparlsosis for dmg reslattmce were correct, TJie mxio psrcenttige of trim/ 
false obscmtions was foxmd when t«mowi"8 we tested after seirlid passage in nude tnkein the TCA in vifro and their I'esponsc 
compai'cd to in vivo tictjviiy in corresponding xenogrtms (60% md 90%, respectively). The liigbeBt correct predictive viilucs were, 
lio\vever> found when tlie clinical response of tumours \y«s compa red lo their oxpJanta estu btished in the nude motise i\i)d tf ea ted in 
vm). Of 80 comparisons peiformed. \vc observed u correct predsclioB for tumour reslstsicice in 97% md for tumour senaltlvicy Iw 
90%. la our Qpmotu tlio TCA with eBtabiished human imwottV xenografts has an important role ii\ current drug discoveiy strtuo^ 
gles. We therefore mcUid«l the TCA as sceondsufy (i^ny in owttpproadi to ancicjinoer drug discovery and fouRd ihul a number of 
novei agefttu >«ere active; these ttre now In advaftced preeHnteal development or clmlcal trials* Thtts, the tumour donogenic assuy 
has provm predictive value in the ohcniosettsitivity testing of standard t&nd expeHmcntal antlcftftcer drugs, 
© 2004 Elsevier Ltd* All rights reserwd. 

Keyim*itx: aoncgenic tastay, ClwsmoseDSltiviiy; Xcnogmft; Dritg discovery 



t. Introduction 

Many nornutl cells show the phenomenon of adher- 
ence, i.e. £]jey grovs^ and divide only if «tLad:>«d to n solid 
inert support, ns is provided for example by lb& glass or 
plH^tic surfaces of tissue-ctiUure dishes. The clonogenic 
assfciy a classical way of evaluating color\y fovmatiorv 
of pluripotenl cells with the potential for anchorage- 
independent growth in seaiisolid media, e.g. Ivans- 
fomed cells or haeinatopaietLc stem cells. Semisolid 
inedia reduce ceil moveiTtent and alSow individual cells 
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to develop Uito cloties that are identified as isinj^e colo- 
nies. The assay h widespread in oncologscti) research 
where it h t3sed to test the proliferative cupacity of 
cancer cells after rtidiatiorj and/or trentment with 
antlcttncer agents [1-3]* 

/J. Rjssom^cusfoir ihc chnogenk ussay 

Patients' tiutxours can. be studied directly in the clo- 
oogenic assny, or after being established «s a permanent 
xenograft in serial passages in nude mice* The xeuogrtift 
should be characterised for chmnoaensiUvtty imd for 
molecular markers relevant to the fMtthogenesIs of «. 
tutnour, CbnogeiiJcity is a hallmark of trnnsformed and 
nmUgnant cell types; thns* permanent humtin tumour 
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cell Bnes o^x\ also be Tt^d, but many of them have 
chatiged diaring long-term serial passaging, with 
the selection oF subclones [4-6]. In addition, murine 
tuinoui's mch as the ieukaemUis P388 and m well 
as the solid models Lewis-Lmig, Colon 36, Colon 
2S, and others, graw very well m the cIonoHsnic asKiy 

I-Iaematopoietic stem cells (she iiorma! tissue being 
cJirjicaliy dose limiting for abont half of all compounds) 
are obtahied From bone marrow, peripheral blood or 
uinbilicsal cord blood. The effect of novel compounds 
cm be tested against human ttunoiirs md humaa hae- 
nmtopoktic stem cells» allowing evaluation, based on In 
vim studies on!y» of whether a new agent is tuniotir 
sijecific and will have a therapeutic hidex* As ft result, 
large and expensive iip-sealing of compoimd synthesis 
or i^fejrmea££it[on cau be avoided at au early stsige. 

JJ. Clonogmie €umty foFmctfs 

Most Investigators use i\ three-kyer technique with a 
base layer consisting of 0.5-0,8% agav» a seeoad layer 
contaiiiiag cells wJlh 0,4% agar and a third layer con* 
tjuniug medium or test drugs {2X^1 Humati haetnato- 
poietb stem cells am be grown to form coiouies in 
semisoJid media aiJlier the addition of placenta- 
conditioned medium [7,9], or in methyiceHulose media 
siipplemenEed with defined growth factors (e,g, giMU- 
iocy te-macrophage-eolony-stiui ul ating factor, inter- 
leiikin 3, eryehropoietiii) (10-12], Up to 1990, most 
studies were done in Petii dishes of 35 ram dia. Since the 
1990s the use of 24'.wU cell-eulture mlcroplates of 16 
mm dla. has been made possible, sUowlng for minia- 
turisation and easier handling [13], Another aspect of 
minhilurisatiojt was accomplished by usbg oapillarlBS of 
i-1 .5 mm dia, into which agar containing stem cells was 
inti'oduced (14,15], The capUIarles are 1,5 cm loag and 
the number of colonies is usvisdly smali» mnging between 
por capillai'y however wUh great variabUlty. In our 
experience, the 24-woll microplate is clearly the most 
reliable Tormal [13], 

i.i. Ajyplhalhm of tin chnog&ulc assay 

S&fi^iiivity festing In paiimts 
To individualise chemotherapy regimens by pre- 
clinically assessing the chemosensltivtty of tmnours to 
registered anticancer agents In vHro has bsen a goal of 
oiKsological research for .inany yeai^. The tumour do- 
nogente assay C^A), as described by Hamburger and 
Salmon [1,16]. is one of the most intensively studied in 
vitro methods for cheiuosenRitlvity testing. Its role in 
patient sensitivity testing in addition to in Hiro methods 
moh as the 3-{4,5-dime£hy]^2-£hiazolyI)-2,5-diphenyl- 
2H"fcetrazolium bromide (MTT) assay [17|I83, the hlsto- 
culture drug-response assay [19-213. the collagen gel 



dropiet-einbedded culture dmg-«ensitivity test [22,231, 
or the ATP-based tumour cheinoseasUivity assay [24- 
26] is well documeated t2.27"~30]. However, there are no 
phase Hi studies demonstrating a significant incresise in 
survival compared to enipidcaUy determined standard 
chemotherapy, Therefore, the TCA has not found a 
praotica! established role in the individualisatlon of 
patient therapy. 

hS*2, New dmg discovery and the development of 
expeiimmtal agents 

In another major application^ clonogenic assays have 
been widely used for assessing the efiicacy of novel 
compounds in anticancer drug di$covery progt^nn^, 
such as that of the Institute for Experimental Oncology 
in Freiburg [7], Since the assay is Jabour intcGsive and 
automation aot as easy to achieve as in experimental 
set-ups using adherent ox suspended cells, the TCA is 
not useful m a primai'y screening method but has its 
credentials as a secondairy screen, e.g« for piioritised 
compounds after cell-based assays with tumour cell Uneji 
[31^34]. We test novel lead compounds from primary 
screenhigs in Sie TCA in 24 models- The IC70 md ICso 
iu such a mmour paael are then compared with the 
sensitivity of human haematopoietic stem cells obtained 
from cord blood or peripheral blood to define a *ther- 
apeutic window*. In addition^ the in vitro profile is 
compared to the fingerprint of standard agents in these 
tumour models and to 35 known, validated molecular 
mrgem in our database. Tlie latter comparison will help 
to define novelty or similarity to known drugs. Once in 
vtvo activity is observed, TCA testing is extended to 48 
tumour* and the resuitiog in vHro ICf^ profiiie can be 
correlated with our cOMA-expression database (based 
on the Aifymetrilx HUi33A gene chip; 220aa genes/ 
tumour) in order to identify gene dusters that might be 
essential for drug activity, With tMs approach, genes 
important for the activity of novel compounds with 
novel mechanisms miglU be discovered. Large studies 
demonstrating high correlations between the results of 
the In vitro TCA and the patient's response or resistance 
to established agents have been published l8,35'-38]. 
Secondary screening of experimental agents for anti- 
cancer efi^icacy has also been descs'ibed as feasible [7,39], 
Established tumour xenografts provide a rich source 
of regrowabla human tumour tissue, which can be 
broadly oliai^oterised In target-directed drug develop- 
ment, we first determine the expr^slon of a target at the 
RNA and protein level by using our cDNA jgene- 
expresslon database and tissue microarrays. Between 
12 and 24 tumour models that over-express or are defl- 
eieiH for a particular tai'get arc then selected, and 
potential Inhibitors tested in the TCA. This procedure 
allows us to detennine rationally the most sensitive 
tumoura, whioh cmi subsequently be evaluated for /« 
vivo ftcti\ity. 
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L4. LimlMions qfih^ chnogmic assay wtih paffmts' 
mmm's or ceil lines 

The application of the TCA in large-scale anUcatucer 
dmg developi"oent has beets hampered by the following 
fsctors; 

1. Tumours resected for diagaostic or therapeutic 
purposes provide highly relevant material* but 

tumour specimens originating from patients have 
growth rates that range between 40--60% oiily» 
Tests are not reproducible and farther cJla^ 
acterisatlon of tlie tumours is raostty impossible 
[4CM2]. 

2. Cell lines nre frequently used as a tttoiour soiicce 
for drxig screening, but aiioh Itoes show con- 
siderable aiteratioas in biological properties md 
chemosensiUvity pattern as compared to the 
oTiginat tumours [4-61. 

X Interpretation of data is sometimes diflicult 
because of a lack of staudm-disatlott of experi- 
ments and inadequate quality-control measures 
[41-44]. 

By introducing quality-control criteria for the mini- 
mum colony number per wetl» positive controls, back- 
ground control plates and a coefficient of variation ii^ 
the control groups of <50%» a substjmtlal increase 
m assay reliability with a very good reproducibility has 
been achieved [42], 

L5, Study otiJectiveii 

In this paper, we report our experience with the 
gji'owth md predictivlty of the TCA by performing 
the following in vitro/in vivo correlations comparing the 
response to standard ageals in the same tumour^ relat- 
ing these landings to our earlier work and to published 
mttterlah 

1. Patients* tumours established subcuCancously in 
nude mice sU^died in tlie TCA in vitro comparea 
with the Sfcune tumour treated in the patient. 

2. Patients' tumours grown in nude mice studied hi 
the TCA compared with those treated in vi>o 
In the nude mouse, 

3. A summary of our earlier experiences hi 
comparing the drug response of a tumour 
treated in vivo in the nude mouse with that in the 
patient, 

4. A literature survey of work in which patients' 
tumours wei-e stiidied directly in the TCA and 
compared with tlie patients' i^esponses. 

We also describe here our concept of integrathig the 
TCA into i!k conibuied in vili'ofin vivo drug discovery 



programme and the advanced preclinical development 
ofexperiniental anticancer drugs. 



2* Materials and methods 
2 J. Ttmours 

For direct testing on palientSv living tumour tissue 
from primary tumours or metastatic lesions, resected for 
diagnostic or therapeutic purposes, was placed in a 
sterile tube with RPMl 1640 medium supplemented 
With ZWa fetRl bovine serum and 0,05% gentatnicin. 
The tissue was processed within 0.5-2 h of resectioii. 
For Kenograa testing, fresh human tumour specimens 
were first cut into slioss (5x5x0,5-1 mm dia*) and 
implanted subcutaneously into nude mice of NMRl 
genetic background. The animals were maintained 
under conditions described i^reviously [45*46], Tumours 
were either processed after the Urst passage (6-16 weeks) 
or after subsequent passages^ at which time they were 
removed under sterile conditions/lEaninar flow. 

2 J. Pveparation cfdi^le-cellsuspemiomforclotiogenk 

Xenografted tumours or fresh humLan tunaoiu: specimens 
were mechanically minced with sdssois and scalpels and 
subsequently incubated with an enzyme cocktail con- 
sisting of 41 U/ml collagenase^ 125 U/ml DKase^ and 
100 U/ml hyaluronsdasB at 37 ^C for approximately 45 
min. The cells were passed through stainless-steel sieves 
of 200 |Jun and 50 dia* mesh size and then washed. 
The peroentaee of viable cells was determined by trypan 
blue exclusion using a haemocytometer. 

23. Culture meiiiodfor microplates 

A modification of the clonogenic assay as described 
by Hamburger and Salmon was used II], The bottom 
layer consisted of 0,2 ml/well, Iscovo^s TOodlfied Bid- 
bcGco medium supplemented with L-glutan3be (Uffe 
TechaologiesX 20% fetal calf serum and 0.75% agar; 
LS40M40^ cells were added to 0.2 ml of the &ame 
culture medium containing QA% {wjv) agar and plated 
in 24-multiweIt dishes on top of the bottom layer. Test 
substances were added (drug overlay) in 0*2 ml culture 
medium under continuous exposure. Bv^ dish inclu- 
ded m untreated control welLs and drug-treated groups 
in triplicate* Cultures were incubated at 37 ^'C under 
7.5% CO2 in a humidifted atmosphere for up to 25 days 
and monitored closely for colony growth using an 
inverted microscope, WUhin this period, in vitro tumour 
growth led to the formation of colonies of > 50 |xm dia. 
The culture method for experiments in 35 mm Petri 
dishes has been reported elsewhere f?]* 
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24. Asmy qumxtyicmlon 

At the tJij^e of maxiinum colony formation^ vital 
colonies were stained with a steiile aqueous solution of 
2-(4-iodopheuyl)-'3-(4-nitrop[ieiiy!)"S-plienyltetra2:oliuti'i 
chloride (I mg/in!, 100 |il/weli) for 24 h [47]. Colony 
coi^nts were then done wi£h aft automatic Image-analy- 
sis system (OMHICON S600; Bio&ys GmbH), 

The ToHowing quality-control measures were iaiplo- 
meii ted: 

L For 35 mtn P^tri dishes the mean axiraber of 
colonies in the control group >100 iprfth a 
mlxiimum 60 ym dia,; for 24-well mbroplat^ the 
mean number of colonies in the oontroi group 
>20 with a muiiimim 50 \m dia [3,7]. 

2. ImXhX coiuUs on day 1 <30% of th^ hxM\\ colony 
conni (to exclude initial agpeg^tes m fatee- 
positive colony uignais from evahmtlocL)* 

3. CoefrictentofvariEitioftrnthecoiitrol group <50%, 

4. Activity of a veference coniponnd (5-fluoruracll) 
at the toxic dose of IDOQ fig/ml must elTect a 
colony survmil of <30% of tlie controls {posi- 
tive control)^ 

5. The dose-respottse effects of the tested drugs 
must be observed (except coi-rtplete reslstsince)* 



2.5. Hmnm hmmatopoktk stm cells 

BoKB-n'utrL'OW cella were aspirated from tli© Hiao crest 
of consenting hedthy volunteers into presevvative-fi^e 
l^epafhiised syringes. Alternatively, samples of human 
unibilienl cord blood were diluted 2- to S-fold with 
phosphate-bvtfiered saline (PBS) contaimng 0.1% 
bovine serum albumin (BSA), Peripheral bJood mono- 
nadettr cells were enriched from tiie respective samples 
by FicoU Paque*'^' (Amershmn Biosdeuees) dendty-gra- 
dient centrifiigation and washed twice with PBS con- 
taining 0,1% BSA. Tiie resiiUlng cell suspension was 
s;tored \n aliquota in fwzing medium (90% fetal bovine 
serum> 10% dimetliyl snlphoxid«) in Hquid nitrogen and 
afiquots were ttaved and used for teRting, Tiie colony- 
forming test was perlbvmed using 24-weU cell-culture 
microplates and MethoCuU GF (Stem Cell Technolo-* 
glen) cuUure mediunr, 42,000 c^tts/nil of tlxe above^ 
nn^jutioned preparation were seeded in a final volume of 
300 per well. Solutions of the test substances were 
added directly to the meaium* Every dish incKided six 
untreated control wells and drufi^treated groups in tri-^ 
plicate. Three wells of the test plaie wore Mled with 1 ml 
of sterile wfltov to ensure dtat xinaxlimim huniidtty was 
attained during the subsequent incubation pedod. Cul- 
tures wore Incubated at 37 ""C under 7,5% CO^ in a 
liumldii^ed atmosphere for 1 1 day«- Colony growth was 
evaluated by eye using an inverted iniccoscope. 



2.6. Anticancer Ggent^ 

Dmgs for chemosensitiviiy testing were obtained 
either as a clinical foiniulation from the pharmacy^ or as 
pure compounds from Sigma* PKJ166 was obtained 
from Novaitis (Bh^scI), an aqueous mistletoe extiact 
(AMB) was obtained &om Madaus AG^ Cologne. Che- 
mosensltivity te$tmg was performed against 12 cytotoxic 
drugs each in two to tluee concentrations in triplicate. 
The relevant dose was determhied by comparing the 
sensitivity of drugs in vivo (both in nude mice and in 
patients) md in vitro in sensitive tumour types. In addi- 
tion, appro?cb3atety three thnes higbBr drug ooncentt*a- 
tions wero tested to a^tcertaln the behaviour of the 
tumour cells at a non-physiologlcal high dose mimick- 
ing the high^dose chemotherapy m the clinic* For drugs 
witli steep dose-effect response curves the relevant 
dosage and usuaily twice this dose were tested. Drugs 
and regimeiss ujsed are shown for an exemplary patient 
ill Table 8(a). which lists the 12 cytotoxic drugs and 
their relevant doses employed for chemosensltivity tegt- 
}ng. When ample tumour material was available, the 
tumour cells were al«o examined for radiosensitivity by 
exposure at between L5 Gy and 10 Gy. A drug was 
considered effective when colony formation in the 
lihcmpy plates was less t\\m 30% of the conti ol ptat^ 
(T/C «30%), 

2.7, Comlatiom betmen elonogmia a&mys and 
pailmis' mponses 

A tumour was d^ned as sensitive in yUro to a oyto- 
toxic agent if colony formation was reduced to fesB than 
30% of the control value. The in vivo reaction of a 
patient*s tumour to chetnotherapy was evaluated by the 
attending oncologist without knowledge of the vitro 
testing. A complete response waa defined as the dis* 
app«»iraTice of all tumour manifestations for at least one 
month, A part^l response a^uked at least a 50% 
decrease In measurable tumour area [axh), and no 
change, a less than S0% decrease or stabitisation under 
Uierapy* Progrossion was defined ixs a more than 25% 
increase in measurable tumour areUr 

For Uie correlatioji of fti vUrafin vivo results, the /n 
vivo response in tlie nude mouse or In the patient was 
reduced to dichotomy. Only complete and partial 
remissions were scored as bi vivo sensidvity. No change 
and progression were considered to be hi nvo resistance, 
Clinical correlations were possible if the patient 
received chemothorapeutic agsnta that were also tested 
In vUro. Since most patients received combination che- 
motherapies For the treatment of their solid tmnours, 
e\ir£her claritotion is required to explain how in vivolin 
vitro correlations were deduced* Patients achieving clin- 
ical responses when treated vi'ilh two or more drugs that 
were active in Hiro were considered to have responded 
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only to the most active: agent In the clonogenic m^y^ 
Thus, only one true-positive correlation was i-ccorded in 
such instances. Conversely, for patteuts showmg clinical 
tiuTJOur resistance v/hMe ti-eated with raultiple ageiiU, 
true-negative corniUitions wei-e estabJUhed for aU 
cojTespoiiding drugs that were inactive fn vitro. Patterns 
whose turaonrs progressed clinteJIy while rccatvl^ig 
combination chemotherapi'. but in whom one or more 
drugs wero active iti vitro, were considered to have true- 
aegative corcelations with liie inactive drug^ but 9 false- 
positive correlation with the drugs thut had In pirm activ- 
ity. This method complies with that itsed by Berteisen 
[16] for the analysis of 258 in vUrojin vivo cortelations. 

For comparison, the results were suj^lysed with only 
one correlation for clinically resistant tumours* la this 
case, only tlie results for the least active compound were 
oonsldei*ed; fuTtiiier compounds tested showing low 
T/C vahies were not evahatecl. 

2.8, Corrdcaion oflumouv restponse tn the nw^e mom 
and ihe patient 

Tumour slices averaging 5x5x0,5-1 mm dia from 
the patieat* or 3x3x0.5-1 mra dia in serial passage 
were implanted suhcutaneously i^ito botli fiauics of the 
animals* TesUng was done in serial passages when 
tumour growth became regular. For comparing^ the 
drug response in tlie nude mouse and Iji the patientj 
testing was done between passiiges 2 and 10. Tteatment 
was started tiftcr 3-^ weeks when the mean tumour 
diameters were about 5-6 mm, equal to 100 tnm^ or 100 
mg. Before the start of treiitment, tumour-bearing ani- 
mals were sfcratihed into treatment and vehicle-control 
groups according to tumour volume. Bach group con- 
sisted of 5-^ niioe bearing ovahmbie tumours, 
Drti^ to be tested were admhtistered iatraperitoneally 
or intravenously at the maximum tolerated doac as 
defined by the LDio (14 days after start of treatment 
with one cycle) or LDjcj (28 ciays after starf of treatment 
with two cycles). The treatment regittien corresponded 
to clinical scheduler for singie-agent or combmalion 
therapy^ with the exception that therapy in noice vwis 
usually repeated after 2 weeks and two cycles were given 
(e.g. cisplatin, cyclophosphamide* dacabazinei doxo- 
rubicin, etoposide, ifosfamide, mitomycin C), and coi«- 
pounds such as vincristine, vindesine Rud 5-Kuorouracil 
wre administered weekly for 3 weeks i;i3»4E-5n. 
Ren:dssions were observed m the nude mouse oiily wttii 
two therapy cycles or weekly therapy for 3 weeks, The 
median relative turaotu' volume (tumour volume on day 
X divided by the tumour volume on day 0 (Fo) 
multiplied by 100%) of the respective group was used for 
drawing growth curves for treatment evaluation [42]. 

In combmatfon chemothcmpy> drugs were aditiinis- 
tei-ed at 15-min intervals by diiferent routes to avoid 
interactions. In two-drug combiKations oaly 70-80% of 



the dose of the singks-ageut therapy was ^ven aud 
accordingly only 50-60% in three-drug combinations. 

For comparing tumour response m itudo mice and in 
the patient Uie product of the two diameters was taken 
as a measure of tumour $ize. Tumors in mido mice were 
evaluated after maximum tumour regression or after 
M weeks hi non-regressing tURJOurs> The effect of 
treatment wus classified in the xenograft system and in 
tlie patient as remission (the product of two diameters; 
<50y« of initial value), mimmal regi-ession (51-75%), 
no diange (7(5-124%), and progression (> 125%) of 
inldal vahie. All patients had measurable lesions; eval- 
uation was usually perfovnied after two treatment cycles 
or after maximal tumour i^gresslon. Diffei"ent physi- 
cians made the evaluation of tumour response in nude 
mice and in patients* 



% Results 

5 J. Bialogiccil properties of hitman tiimotivs gro\m in 
theTCA 

The properties of both noitnal haematopoietic and 
neoplastic cell populations are consistent with a model 
in which ceils with proliferative potential can carry out 8 
limited number of potential divisions or have the capa- 
city to renew the entire cell population, including tlieni- 
selves* These self-renewing mi popiiUvtion-renewing 
cells, which may constitute only a smalt proportion of 
the total population, are known as stem cells. Tumour 
stem cells are the relevant cell population responsible 
for the development of snetastases and late i^cun'ences, 
and arc therefore the primary target for any cytotoxic 
camcer therapy. The validity of the stem-^ell model for 
human cancer was repoited about 20 years ago [52]* 
Tumours generally used in the TCA are grown as a 
solid, established tumotit xenograft model m immune- 
deficient mice or are derived diiiectiy from pa.tienG3' 
canceffi. The heterogeneity of solid donor tumours 
growing sabcutaneously m ntide mtc^ is very well 
maintained [51]. Only tumour stem cells, which ensure 
the self-ieuewai of normal and maUgnant tissues, can 
divide in the agar mati'lx md form colonies (Table 1), 
Stromal cells, lymphocytes and dlffierontiated tumour 
cells are not able to grow* Tiie formation of colonies/ 
spheroids occurs in several layers, and therefore drugs 
must he able to penetmte ovei^ a distance to mich the 
pai'tly hypoxic centre and achieve complete cessation of 
growth P,53,543. 

The cell growth occurs in a logaiithmic axamier 
(Table 2). One stem cell diodes and forms colonies 
nomally containing between 64 and 256 cells as a 
results of six to eight population doublings. For a pre- 
sumed doubling time of 24 h, six doublings are reached 
after 6 days and eight doublings after 8 days- For a 
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BiabgiciU propi^'tles of humut) tumours growing 'm the cfanogenic 

• On\y lunu^ur ^Usm ixlb $row titul Form cokinles 

A Diffcrcnttatod UimDtiv cc^U, strot-nn celU and lyra^ocyteR do not 
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• Anchoriie& U\ttept>n«lenlt tlwee^iHtflRBionttl growth \ii a scntisolitl 
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♦ Colonies rcftch tlUuueicrs ol' 50-300 \m 

* initial Rtcm calU divide ttbo«t coloiUes of 5& jtm (> 
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* Df tigs ciift lit iiddeU Tor 1 U conllnousij* (present ovoy 6~8 
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presumed doubluig time of 48 h, six popiilalion dou- 
blings of « colony are reaches! after 12 duys and eight 
after 16 days* The Uittet- reprcsejits the average time span 
at which we evaluate and count experiiiieuts. Colonies 
of Fast-growhig tumours «tB uovmtilJy counted after 6-^ 
days tmd froi-n slowly growing tumours ttftei* 14 up to 21 
days. The medkn U\ci^butloEi tbe in our hands is 12 days, 

3 J. Growth ami phuhi^ ifffldmcy 

The growth of Imixim Ivmoim in the TCA. origimU- 
mg directly frora patients or from mM passage lit nttde 
mice is difTereut {Table 3). The growth rate of primary 
tumour Bpecimenis from the patient was 40% (14 of 35) 
in oil]' series coiiduclotl from 1988 to 1989 imd IncreEJsed 
to 79% during the years 20Ql~m3. With today's 
growth rates of patients' tumours oP 70-S0% (Table 3), 
standiirci agents ca« be evaltuUed with reiiabiiity and in 



a period of time that allows the patleiu to be tretitcd 
with tlie most active single agent or combination, nor- 
maiiy in secoM- or third-line therapy. 

l^imotir spechuens am be established as xenogmfts in 
ImmaneKlefioient mice ia serial passage in approxi- 
mately 25-65% of all cases md for most tumour types 
except prostate md mammary cancers 113,50,51]. Tlie 
growth rate of hmnan tumoiu* xenografts in the TCA 
was 85% (211/251) betweert \9U atid 1989 in our facil- 
ity, and was in the same rtuige in the period from 1996 
to 2003 (87%) (Table 3). The growth rates of difierent 
tumowr types in the TCA, togettier with the raedUin 
plating efficiency (nmnber of colonies collated related to 
the aiunber of vitd cells plated day 0), tive shown in 
Tables 4 md 5a* 

The median plating effldeiicy for testing different 
xenograft-derived Unnours was 037% for tlie series 
carried out from 1996 to 2003. aad 0.07% iu the period 
from 1988 to 1989. also reSccting the progress in tissue 
hmtdling and culture conditions (Tables 4, Sa). These 
• data still show that the stem-cell fraction is very small 
but this is the relevant cell population for recurrences 
and metastases* Erftdicatlng the tumour stem cells will 
have tlie Wghest positive impact on prognosis. The 
plating efficteiioy in human tuixiour models was similar 
to that of haematopoeitlo stem cells versus 
0,08% in 19S8-1990; 0,37 versus 0,6 h\ 2002-^2003), In 
contxast the plating efScieacy of the transplantable 
murine leukaemias L1210 aad P35B was markedly 
Ingher (32% and 12%)^ aud also the solid murine 
models B16 and Colon 38 showed a ni0i*e thao IQ-fold 
higher plating efUciency thanbunian tumours mid hunwio 
boae marrow in the direct comparison carried out 
between 1938 and 1990 (Table 4). These differences in 
plating efficiency clearly demonslmte that tlie murine 



OrmvUi slmuliuJon In tiie clo«ogwig may for cell doubling tifflgs of 24 and h 



DpMblUigdim24U duy 0 ^ ^ I 

DmiblingUmc^h dny 0 2 4 6 

Cell doHhlii^gs \'M 0 III 

Cdi numbur purvjolofty ^ 2 4 B 

Colony diumoKtf ^i m ^HMStw^* 

*D.iyftii«alc.oltewUhdium^ci^ -^10-15 m «re ma.^. ♦*Duy 6 coWcs of Icust 50 m <IUm«l«r, *-Uiraa coloaks up to 300 m 
diHmoier. Opiiiitai <A&y for cokny tfoufttiJig m«rked iu bold. 
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Human Dlffewftl iwnours*** I996-S00J 

DtfTeiem lutnourii*** IW-1^9(J 

Huinim luiemalopotclic stem cells i002-2003 

hiicmiiCDpoieUe stem ceUs 

Bi6 j^ietiittomu 
Co3S colon cnrdnoma 

^nae neryenr; ]988»l990cutiiviiicd ln35nmidiste. 199(S-20O3 cutliv**ted iR 16 mm dislM» (24 witll cell owliuw ttBOroplBtoO. **PlfttmB f^m^. 
autnt^r W/olonics/numbDtofviM ceUs pkted * lOO (%). '*"**DBrfvcd (Yom xeoogrflftacisUlvflted on mice; more tlmn 250 tumoiu* mdudod. 



Table Sa 
Growth 



Of tiumuii tumoura derived rrom nude moiase xenofifaOs in Uie clojioeciAj nsmy accojdtng to Uiroouf typa^datflffona i9S8--l959<iBd l09d"2D0a 



Timiour lyj* 



ColoreClpJ 
Lung 

Ovnry 

Prostate 

Stomnch 
TcslfB 



Torn! 



Period 



<S/7 

35/39 

10/10 

78/84 

23/28 

30/37 

4/4 



9/16 

10/13 

611 



2HJ24S 



96 
90 

too 

93 
81 



56 
78 
86 



86 



1906-2003 


Median PE*** 


Orowlh**/iolul 






m 


n 


witc(yfl) 


(%) 


Q.06 


13/16 


8! 


0.26 


6^9 


18/19 


95 




0,09 


ll/U 


100 


0.54 


f^M 


27/29 


93 


0.65 


0^5 




76 


G,44 


0.09 


33/40 


B3 


03?> 


0.09 


9/9 


100 


0.28 




4/4 


ioo 


0.26 




7/8 


88 


049 


0.02 


8/U 


73 




0,04 


3/3 


100 


0.4? 


0.05 


2/4 


50 


0,075 


0.07 


14^171 


87 


0.37 



*(**) > JOD 020) oolomcB per 35 mm (16 rara) culture disli tot a 60 (50 colony dJamBtw. 



♦♦*T»tttMofi effidetwy, mmbet* qolotOiss/mimbBr of 



solid tumours find leukaemiM have much highet' growth 
kinetics than the human solid tumours or haemato- 
poietic stem cells. GrowUi rates of between 78% and 
iOO% were obsetved in Che period from to 198? for 
ftii solid tumours except sarcomsis (56%), wbich in 
maxiy cases are very diflicuiE to dissocmte in order to 
obtain adequate single-CEll syspeiisioas (Table 5a)* For 
the series done between 1996 and 2003, the growtli rate 
ranged mainly between 7^% aad 100%, with tlis 
exception of tumour models of testis, where ody four 
dife^nt models were available for testing and two 
could be successfully tested (Table 5a). Between 2001 
and 2D03, 37 samples of tumour tissue directly derived 
frovtv the ptitietu, representing nine different imxom 
types> were processed for testing in the TCA, and ia 27 
experijiientB growth incurred (Table 5b), Thus testing 
could be successfully curried out in 1^% of the cases 
{Table 5b), 



Table 5b 

Dl sect cytotoxicity (eatipg of ptUl&M Utmovra In the clonogenlc ttssay, 
period 2001^-2003, wciior^lng to immxir ty]XJ 
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r»Se (%) 
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3^3 
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too 
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0.1S 
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3/3 
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57 


0.39 
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2/4 
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0.20 
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0.27 




3/5 
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73 





*>20 cok>nl«8/W(ill for a 50 lun cotony dfimieter In 24 welt cell cultLue 
micj'opJfttw. **PlatiiiB cgioleaey* ttiimber of ctrfoniea/number of vlud 
cells pltttod*' m{%). 




Fig. U Gmvrtb ihe httmuu ix^mmti model MEXP 3B4 in tho dcmja^lu sssay. Unwoated coiilrol on tlay ! {A>, day 10 day IS (C) 
(8x mttgnHlenOon), on day 15 (D) {50x nttignifictttlon)* 



TKc devdopmetit of colom«s from ft Jiingle-ceH bus- 
peusioii h shown in Fig, I. The melmionm MEXP 384 
was seeded as tt homogeneous single-cell suspension on 
clay 0, Atter 10 days, colotiy growth m\s observed and 
thia Incretvsed until day 15» resulting Into round colonies 
(Wg, !c,d). Tbfe tiitjo coui-se of ooiony fovmaUoa was 
mettsui-qd for representtUivts tumour models* Fig* 2 
shows m m example the meUmoivka MEXF 276* Colony 




growtli began after 5 days, md mcreased tog£iritiv 
mically until day \4\ iifter day 19 no futthev coiotiy 
fomiation was observed. The optlmd time Eo evaluate 
drug elTecte in this case between days 12 a.nd 14 
Aftor day 20 the growth medhim wa« cxltansted, the 
colonic beokune apoplodc, and vUal colonies therefore 
decreased in iiumber. 

33. Dvugte^ning 

We have estabUehed a staadai'd set of 12 drugs, whSdi 
are studied two to three dose levels in order lo iden- 
tify compounds that can be recommended for second- 
er third-line thei'flpy in the clinic. The standard ngents 
were initidly studied in the TCA to determine v/hicli 
dose level corresponded to an activity of l5"-35% 
(Tables 6, 7). For Adriamydn and gemcUabhie the 
coiicentrattou of 0*01 ^ig/mi was active m 15% 21% 
of felte timoncs, for clspktiji aivJ cloposide ^g/m1 
yielded an activity in 16% ftnd 17%, respectively. In 
Table 7 the activity Is divided into tumour types 
respoosive in the climo and tm-nour types resislant 
agmnst the indivlduai agejjt, Ovemil, clinicaSiy iesponsive 
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Drug ccirtcetrttiUion* 






Adriituiycin 
<ADR) 


4/113** 


Q.OJ 
U% 


43% 


ai 

84/152 
$$% 


72/76 
95% 




0.0f 
3/44 
7% 


0.03 
4/140 


O.i 

40/245 
\$% 


0.3 

43% 


1.0 

fi^!07 


(OEM) 


O.0QI 

o/a? 

0% 


21/91 
23% 


34/93 
37% 


1.0 

34/94 

37% 


Si% 


Eloposldc 


0.03 
6/96 
6% 


OJ 

33/190 
17% 


88/224 


LG 
55% 


3.0 

69% 




0>00l 
16/72 

21% 


Q.QD3 
5S/I53 

33% 


0*0J 

45% 


fi?% 


OJ 
77% 



turnouts were sensitive in tlie TCA in 41% (99 out of 
240 different testii%«). It» contrast, clmiciiHy resistant 
tumom* types were sensitive only in 1 1 % {\9 out of 176). 
This clearly demonsU^ales that the TCA is able to differ- 
cnaate between sensitive and resistant tiuxiour types. The 
dose levels were selected iti order to not to miss an active 
compound at Ihe expense of having more false^positives. 

Represejitativc samples of chemo- and mdiosejasidvlty 
testing are shorn Tables 8 (a, b). The colon cimc^' CXP 
886 was investigated as a Kenograft fi'oai the fttrst nude 
luome passage, Twd ve compounds were investigated in tht 
standard dose and a 3-fold increment, together witb 
radiotherapy raiigmg from t.5 to 10 Qy, This colon cmicer 
c^ponded in a typical way in tJie sense tliftt »?! 12 com- 
pounds were completely Inactive at the standard dose and 
eve» at the3-fotd higlier dose» In addition, the cancer was 
I'esistEvnt to ladiotSierapy (Table U). Such a re&istt^nce 
pattern was observed iu 12 of 15 colorectal cancers stud- 
ied, reflecting the clisiciil sUimtlon (data iiot&hown). 
However, the newer compounds svich as iriuotecai^ and 
ojcaKpktin were not included In the present series. 



Tttbie7 
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Dose* 



ReslGUuit i\mm (yp&&^ 



£ictive***/total 



Adrlainycln (ADR) 



Mitomycin 
Vindesinc 



0,01 
0<0t 



21/63 
27/74 

8/10 

27/57 



33% 
36% 
fiO% 
44% 
47% 



4/45 
3/26 
5/^14 
5/36 
2/25 



9% 
\2% 
l\% 
U% 

S% 



Total 



41% 



*Conlmuous exposure. **tosl/colitrol <:30%* 
« Reapoftslve lumotif Ijjjcs m (ditticttl studies, e.& for ADR bmasrt, \m% (BCLC nitd N$CtC)» ovaty, safcwiuu alomauh^ tcsHeiiSuf » 
Ucston luiftour ly pus Ui clbiicttl «ludl«s. ^.g, fot AT>U cwiiml wrvoua sysieiK, colon, htsud and neek, kidmiy , mctanonia, ot!Scn»ftttsua, imnurenH, 
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03 








O.Q0S 






VP-16 (elopofiid*) 
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*Porsttmdnrddo^seeTttfeto8ft..-,T/C>m; 4^,30*54<T/C<SO%; + tO%<T/C<30Vo; ++ +,T/C<;tO%. 



On tlie otber hand, tbe epidermoid lung cancer LXFB 
883 studied as a xenograft derived from the secDnd nude 
mouse passage responded very well to sh out of 12 
standard agoiits at felie st^ndncd dose, mi to 10 out of 
J2 coiTOpounds at 3x standard 'dose. Moreover, mdio- 
thevapy wt\s active at 2 Gy and very active at 5 Gy 
(Table 8b). Ainoiig 22 uoti-small cell lung cancels 
(NSCLC) investigated, 10 responded to four to 10 
stftndard drugs studied, six were coir^letdy resistant to 
all ttgents examined, wborcas six were Beiiadtive to one 
CO three agents (dtita not shown). Tliis demoastrates 
that NSCLC are more sensitive than lot example colon 
or kidney eancers or melRjiomas. 

Cionogenk asmy itttlt^g human hamtalopofetic stem 

ceifs 

Comparisons oF the h vitro activity of coiBpounds 
against human tumour stem cells with that against 
homan haematopoietic stem cells Is very lielpfal In 



determining tumour-fidective activity. We have already 
reported om first experiences [7]* As m example, the 
cfibcfc of Adriamycin on difTevent tumours and haema- 
topoSetio stem cells from five donors as determined in 
the clonogenic assay is shown m Table 9, At 0*01 fig/mJ, 
Adriamydn was native (T/C<30%) in 40/261 (15%) 
tumour preparations tested. At the sme concentraUoni 
no eibct was obsei^ed against the haematopoietic stem 
cells. At OJ 1-ig/mi, iiihibition orcobny formation was 
observed ill preparations of both haematopoietic stem 
cells and tumour cells In 60% and 55% of the cases^ 
respectively (Table 9)* The mean IC70 for till Uimours 
was about 0.03 f,ig/ml. The mean IQo for bone marrow 
was 0.2 )tg/ini, whereas 20% of the very sensitive 
tumoxu'9 had mean IQ-jq smaller than 0,02 ^.gfml The 
results coiiiSmned the known effect of Adriatnycin on 
haeniatopoieds. 

Another example is decit«4biiie» which today is regis- 
tered for tlie treatment of myelodysptastic syndrome 
(MDS). This compound sliowed ^leelivc^ activity 
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rCr/C>50%), +(30%<T/C<50%), + +(10%<T/C<30%). -I- + + mC< rO^^V nfC<20%^ **Gmvn xenograHs on nudu in.ae. 
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agaiiist bacmiitopoietic stem cells derived from bone 
marrow of thi*ee liealthy donors. The meaa IC70 of 
bom marrow was 10-foM lower thm for tumours tested 
I It the clonogenic asisay; tixas human bone niarrow was 
M) times more sensitive thiui the most sensitive tttmo^rSt 
siiggesthig lhat leukaemias also would be sensitive. This 
finding WHS lacer confirmed m clinical studies. The 
compoimd was iiiacttve in eight solid tumours, but 
activity was seen in acute myelocytic leuka«iiiia smd 
mainly in MDS. TbcrcForc, the stem-eel! toxidly 
approttch is very useful in depicting ft tumour-specific 
elfect in in vitro studies at least for compouuds for 
wliich haematotoxidty is Elie dose timJfiiig side-effect 

3.5. Correhillon ofm viU'o rfnig mpoims in the 
Monogenic imay with in vivo buhavlout tn ih&fmim or 

mule mome 

Each assfty syiftem requires validation for drug test- 
ing. The coaiparisou of drug response in the respective 
test system with Uie response of the same tumour in the 
patient is cssentiah One of the most relevant TCA vs. 
patient comparisons in the literatuie compiles data from 
SIX series in a total of 2300 cases [26»5S], It reports that 
of 738 tumours that were sensitive la the clonogenic 
assay, 512 showed clinical remission with the same 
trentn^tent. Therefoi'e Uie posith?'e predicted vaUie was 
69%, In contrast, of 1562 tumours predicted as reslstaat 
in the cioiiogetiic «ssay, 1427 were found to be resistant 
iu the clinic. The positive predictive value for tumour 
resistance in this study was therefore 91% (Table 30). 
Do[»es were selected to (ia»pt false-positive rather Umn 
false-negative results. 

Over the past two decades we have also cari-ied out 
comptirisons of drug responses in a systematic way and 
from several different pei-spectives in ouv laboratory. A 
comparison of response in the TCA fmm tumours 
established in nude mice with the patients' responses in 
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restemnUn vJtm but respond ctmMly), 



the clinic was made in 66 cases* Tlie TCA predicted 
sensitivity in 29 cases* and the same tmuours cesponded 
to the same treatn^eut in the patient in 18 cases, Tiiere- 
fore^ the correct prediction for tuuiiour sensitivity was 
62% » Resistance was observed in the clonogenic assay 
la 37 cnsea* The respective finding was obtained in the 
patient in 34 cases. The correct prediction for tumour 
resistance was 92% (Table 11) At appears tliat the inilial 
establishment of the patient tumour as a xenograft in 
the nude mouse did not hifluence drug sensitivity when 
cojnpared with direct testing of tlie patient's tissues, A 
relation between the percentage decrease in colony 
number and the degree of t^t vivo respot^e could be 
demonstrated (Table 12). Patients who went into com- 
plete remission showed the highest average inhibition of 
colony formadon in the clonogenic assay (T/C 10%). 
The degree of inhibition of colony fomaaiion paralleled 
the clhiical behaviour of the turnouts In vivo. Tumours 
of patients showing progressive disease gave the lowest 
average T/C (54%). Details of this study Imve been 
published elsewhere [3], 

An evaluation of tmnoiu" response in tliie TCA in vitro 
versus response in vivo hi the nude mouse xenoij^ tos 
carried out for a total of 108 comparisons. Seiisitivlty 
was seen in tlie cbnogenic assay in 40 cases, whilst the 
same result was observed in the corresponding nude 
mouse xenogralft in 24 cases, eqimliing a correct posi- 
tive-predictive value of 60%. Resistance was found in 
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the TCA in 68 cases* and idenEicaJ results were mn {n 
vivo in the same tixmo\ir in 61 cases. Hence, the cori'eot 
prediction for tumout' resistance was 90% (Table 13)* 
Details of this study have been pybiished earlier [42], 

FimJly, the comparison of the tumour response found 
in vivo In nnde mouse xetiogi-afts with the patieut*s 
.response in the clbiic waB most rdtevftnt. We performed 
8C comparisous in 55 difTerent tumours; latter number 
indicates that one-tyrd of the tumours were evaluated 
for first'- [IS well t\s second-Hue thempy, matniy in breast 
imd smidl-cfiU lung cancer. 45 of the coitiparisons were 
doue vfith combination chemotlierapy, mainly m brcsst, 
hmg, ovafianj aod testicular ctiBcei\ m compared to 
single-agent therapy in 35 cases, maialy hi colorectal 
c'AUcers. A remlssioa was obtained ui 21 cases in the 
patieut, whereas the same result was observed in the 
n«de mouse system in 19 cases. Tlierefore, tke correct 
predlcttvity of the test ^stem for tumour sensitWs^ was 
90%, h\ contrast* a progression or initial no change was 
found in 59 patients mi tlie same result b the »ude 
mouse occurred in 57 cases. Here, the correct prediction 
for tumour resistance was 97% (Table 14). In parti- 
cular, the high correct predicilvity for tumour seusitivity 
In Uiis study is noteworthy and validates lit vivo testing 
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as tlte most reliable and predictive model of response to 
conventional standard ageiitB. Details of the study have 
been reported elsewhere [13,48^513. Additional experi- 
ence in otl^r laboratones gnve a dniilar correct pre- 
diction. Data are saunmarised in [56]. 

A summary of the above-describEd comparisons is 
shown In Pig, 3. Clearly, the best correct predictivity 
was seen when the same tuinour was treated in vivo 
grown as a nude mouse xenograft and compared to the 
patient response* Dafe» firam the literntiire as well tis our 
own m Htroliit \*iyo eompai'lsons show a correct positive 
predictive value for resistance of between 90 and 92%, 
whilst that for tumour sensitivity ranged from 60 to 
69% (Fig» 3). A caveat must be added here, as the ana- 
lysed comparisons rely on the use of standard anti- 
cancer therapies that either target DNA and tubulin 
dkectiy or ftot «e inhlMtors of topoisomernse 1 and U, or 
as antimetabolites* Whetlier the same holds U'ue for the 
new generation of mofecularty targeted thevapies 
remains to be seeit, 

3.6, The olomgmlc assa^for mohcukr targ^t^rkimd 
dmg discovery 

In our group, the major application of the donogenic 
assay is in the contemporary anticancer drug discovery 
progranmae. When we compared chcmosensltlvily test 
results for primary tissue in the TCA derived directly 
fron* the padent with those for the corresponding 
tumour xenograft aftei* up to four in vivo passages on 
nude mice, 22 of 25 comparisons resulted in an idetuical 
outcome (Table IS)* This finding shows that the 
chemosensitivUy charactedstlca of tumour xenografts 
adequately resemble those of tiie original tumour in 
the patient, wMch also holds true for the histological 
appearance of the xenografts. Although stromal 
eiemei^ts and the blood supply are delivered from the 
murine host» the architecture and morphology^ of 
the xenogi^l^ dosei/' resemble those of the original 
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spocimea [51]. Tlie possibLUty of couserving vital 
tumour tissue, and of urfiig tlmt tissue as a renewable 
Rt\d inexbaustibte source for aiitSumour tcsEing Sn vUro 
ill the TCA or m v/uo us a nude mo\}S& xenograft^ pro- 
Yides i\ valimble tool within anticancer drug discovery. 

Wo follow a dual-testing strategy in or(ler to identify 
novel anticancer figents (Fig. 4). Oxt the one hand, 
compound development is target driven in the sea$e tlmt 
a iEirget of Inttmi is defined in the tumour Dfiodets, and 
tumoiu's sbovving either up- or dowuregulation of a 
specilic iTiolecukr target ttre selected fov testing [57-591. 
On tlie other hand, a more empirical approach is beiiig 
expioited, In the rational, mL'get-otientatecl approach, 
tlie selectioji of the lappropriatd models is based on 
RNA and proleini the latter determined by Western 
blots or imiuimohistochenristry of arrayed xenograft 
tissues [50-623. On average, such a xenograft Uimour 
mjcroarray compiises duplicates of more tl^aii 150 dif- 
ferent tomonrs and five normal tissues that can be aiia- 
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lysed simuittlJieously witli speciiie antibodies [59,63]. In 
artothec approacli, target selection is made poj^slble by 
using our Kenograft geue-eKprcBsion profile database. 
The diitabase was gemmated by determiuiiig tlie traix- 
scriptome of 60 xenografts at various pasmges witli tlie 
HU 133A-Chip from AfTymetrix, Tumotu* models 
selected by either method are normally tested in the 
TCA against 12-24 different timiourfi that ovevHsxpress 
or lack a target of interest. These In vitro studies tire 
^^senUia for identifying the most differentially actiYe 
coinpornids, for sdeotitiig the most aensiiive tumours as 
candidates for subsequent in vim stt^dles In itt?de mice 
bearing the vospective tumour as xenogrnl^, iind for 
excluding resistant tumour models from testing. Tliis 
process much reduces the costs of random in vivo testii^gas 
weil as tbe use oFflnimds from m etliical pomt of view. 

In the more empirical approach to drug disscovery, 
weU-defiiied or combinatonal compound librnries are 
being serened (Fig. 4) 133,64,65]. We thereby focus 
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Fig. 4, Di'ujj discovery procedtsrijB devebpad tmtl used ftt Oncoissi, lustiltitc for BxiJerimoiiial Oncology, 
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n-uuiiiy on mtixM products isolated fVom pUmts and 
microorganisms. Our present collection contains mote 

than 8000 pure compounds. In this seitlHg, tho TCA is 
used us a secondai^y scitieiiing «uid the prfmary screening 
is condxicted in n high-thvoughput setting using 8-12 
pevmanetu humaa tumoiu' cell toes, mciioly derived 
IVom our own xenogrttft coHectton [33,6<q, Compounds 
ate selected on their aittitumour potency tind tumom* 
selectivity. Ti-ic 'hit rate' in tiic pool of 8000 imtumi 
products W(\s about l*-3% depouding on Qie ongin of 
tlie products. 

Pmmii^ng lilts* are Bubsequentiy tested in the clone- 
genie assity using human tumour xciiogx'aft modete 
vitro. Usually, 24 tumours ure studied, eg. two to tliice 
different Eiiinours from eight to 10 histologicfil tumour 
types, and compounds are tested at six doss leveis und&r 
couiinaous eitpo^ure. hi addition^ the effect on haemfi- 
topoietic stem cells k also evaluated* Tlie most dif&r- 
entially active compounds aife sefeoted md tested 
against two to foitr of tlie most sensitive tumour types m 
vi^o in uude mice with subcutaneously growbg xeno- 
gr^^f^s of the rsspectivc tumour type. In order to identify 
tlie tumoiu' histological types that sliould be selected for 
clinical phase II studies, testing iii the clonogedc assay 
is extended to 40--i00 tuimotirs, veflectiag four to eight 
diffemit tumours per tumour type r7i,73tt66»6T|. Tlie 
tumour models are ^vell selected t\n<3 representative for a 
particular timiour eiuily with respect to chemoseasitiv- 
ity, huslology and the expression of oncogenes or 
tumour markeri>. With this strategy we are able to 
identify the most sensitive tumour types. 

Examples for the evaluation of a tergetrdii-ected com- 
pound In the clouogenic assiay are shown In Fig* 5(a) for 
inhibitiug the epidermtd grov/th factor (EGF) 
receptor-mediated signal transduction* PKIK56 mhlb- 
ited tumour colony fornmtioa in a doife-dependeufc 
manner, wifli ti mean ICn of 5.18 jig/nil {n*^29 tumour 
modlels), Inhibitoi^ oonceiurations of 50% T/C 
50%) and 70% T/C 30%) were civloiilated md are 
depicted m a meun graph presentation (Fig* 5a), la the 
mean graph analysts, the distribution of ICyi) obttthied 
for a test compound m the individual tumour is given 
in relation to the mean IC71, obtained for all tumours 
tested. Tiie iadlvidua! IC-n) tw expressed as bars in a 
logEirithmtcaHy scaled axis. Bars to the left demonstnue 
fC7o lower tlmn tbe mean value (indicating more sensi- 
tive tumour models), bars to the right demonstxate 
hrgher values (indicating rather resistant tumour mod* 
els). The mean graph analysis tbevefore represents a 
itageiprhU of the antiproliferative profile of a com- 
pound and sensitive ctUT.didate txmiour models for fur- 
ther v/w analysis ctiu eitsily be IdentlRed. Antiiumour 
selectivity was pronounced for PK,n66, and respojisive 
tinnour n^odels for subsequent in vfv'o testing showing 
indlvidud ICn least 3-fald below the mean IC^ over 
idi 29 tumour models cotdd readily be identilied 



(Fig. 5a), PKUefi was then tested against LXFA 629 Uie 
iung adenocarctnoim grown as a xenograft in nude 
mice (Fig. 5b), This tumour model has been shown to 
express highly the EGF receptor^ as detennined by 
immunohistochemistTy (Fjg» 5b, inlay}. PKII66 given 
for two cycles of 5 days at SO and tOO mg/kg per day 
omlly led to dose-dependent growth inhibition with «i T/C 
for relative median tumour volumes of 29*4% (SO mg/kg 
per day) and 22,2% (iOO mg/kg per day), respectively. 
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Ffg. 5. . {lO in Vitro cfficRcy of (hfc ejiidcmwt gfowUi Inctor 4^eoeplar 
InhibI t<jr PKl \6(f \n 29 hxmtiH aimo«r models ia the clonogeHic ussuy, 
ih) In vhv flPiiUuwour umcacy of Jhs cpidefraitJ grwvlli. ffletor receptor 
(HGFR) InhlbUor \\Mb\\ot m the lung cancer }?«nognin 

LX FA <529. Tlicrapy gl von orally on diiys (M and 14-J B: • control 10 
ml/kg per day; O m 1^6 50 mg/kg per day; Y PKl 166 100 mg/kg per 
dqy. Inlay: BOFR expi-effiioo b th* lung caiwer LXFA 629 detep- 
mfnfid by ImmunQliSstoclwrnlstry. 



Mediiin tumour doubling tinie in the 50 ing/kg per day 
group was 25 days coiraparecl to i i days for die control 
(Fig. 5b). Tumour doubling m$ not reached durfag the 
experimeiit m the iOQ n^g/kg per day group. 

The standard agent vmoreibinc (Nav&lbini^^) is 
shown as m exaniple of broad tumonr-panet testing in 
a« empirical approach to the idendfication of putative 
phase Irresponsive tumour iypts In the clonogenic 
flssuy (Fig. 6). The anlLlximour effect of vmorolbine tos 
tested against SO tvuitHours. The compound induced 
dose-dependent inhibition of colotiy formatioti with a 
mean IC70 of 0,48 wjrx^l The mean graph analysis 
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Fig. 6. /)j vOfo flnttLumour elRcncy or vJnowlUinc hi tiO Uwrnan tumour 
models in Ihc douogenie nssay* 
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identified mammnfy cancers (8/8), prostftte (4/5), and 
cervical and uterine (2/2) cai'cinomas as more sen- 
sitive thaa the mean IC^ Vitiorelbine Ims been used 
clinically in breast cancer [6^ and cervicaa cancer 
[69,70]. Tumour types such as NSCLC (14/19), mela- 
noma (6/S), ovary cancer (3/3), or bladder cancer (4/6) 
we rather r^istant (Fig, 6). 

SiroUar bfoad stmlies using the ctonogenio assay have 
been performed with other standard agents that are 
commonly used in the clinic, as "well as with seveml 
compounds in development, e,g. R-roscovitin, in 103 
tumour models [71], or with an AME In 47 tumour 
models [72] (Fig. 7), derivatives of geldanamycln [66,67] 
aad r^oombmanttnistfetoe lectin [73]. 



4 Discussion 

4 J. SensUMty issting on patkniJH^fidure pmpeeiives 

Althongli there is evidence tliat clinical response rates 
imy be snperior for in vitro titisay-dlrected chemo- 
therapy rather than chemotherapy selected by m 
oncologist [37»74JS], there has been i\o prospective 
randomised controlled trial comparing survival between 
patients given an in vf?r<?-tested dnig^ patients treated by 
mn^ty alone, and patients trealed by standard chemo- 
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Fig, ht vUro efllcticy of an aqueous jti1fiU«Hoe ttxlwwt <AME) In 47 
Ixumm tumour modols Jn lUe dano^nlc mny* 



therapy. Many different laboratories have deiuonstrated 
the value of the TCA's correct predictivity. In all pub- 
fished situdkij, its coriisct prediction for drug resi^^ance 
ranged from 90% to 97%, and for t«mo\ir sensitivity 
between 60% and 70%. hi recent ysaj^, tlie growth 
rates of primary tunioiu' tissues k\ the TCA hm been 
signltonEfy improved, in out' expetience even up to 70- 
80% dependmg ou limiour type and depending on the 
time elapsed between tumour removal from the dcoula- 
iion to the test* ih» careful selection of viable tumour 
tissue, and Oie use of approprmte culture media. Thus, 
the TCA now has the poteutial to pluy a practical part 
ui chemoseasitivity testing m an mdlvidttalised treat- 
ment protocol 

In goueraU a number of problems m& ialieimt m pre- 
dictive in vtf.to assays. Among these are the diolce of 
cimrcaHy relevant drug concentrations to be tested 
vlivo^ the heterogeneity of patient Uimours E76--79]* 
iiiteiference by the experim^jnCd Goaditions with the 
physiological eavu'onment for tumour cells that exists in 
the patient, aad seiecttoii pressure oji tmnotir cells by 
the experhReiitai system used» The relation between 
InhibEtlou of tumour growth fn vtfva and a pittiem's 
response to chemothmipy or survivtil is tliercfore com- 
plex. In h\cU m our studies, most had ah'eady received a 
stmulard first- and somethiies second-line anticancer 
thempy» und therefore tlie pvobabiilty of identifying 
novd active compounds was not lugk However* ui this 
context the viilue of the coiTcjct prediction of resistance 
by the TCA should be stressed, Wt-jilst the prediction of 
i-esponse mid thus the selection of a ])o£ential novel 
trealmeni option guided by TCA data is most desirable, 
the prevention of toxic side-effects caused by agents that 
are unlikely to be effective dlmcaily should U considered 
m equally fmLporUmt beiieSt for tlte cancer patient. In 
oddltion, the picture niight ohmg& whon novel com- 
pounds with teirgct-directed mechanisms ure also InclM- 
ded in the TCA tasting eifter having been validated. 
Relevant studies am now In progress in our Institute, 

4 J. Rok* 0fthe doiwsmh mmpfor diw dintwery as a 

The ])raccicul application of the TCA mmi be seen 
within the concept of a comblncci in viuvjin v(w Icsttng 
procedure. After having selected turget-defmod tumour 
models or after a primary prescreenlng ia a high- 
throughput UHsay, the TCA has a centml role in the pro- 
filing of novel compounds. Since, for example, natural 
products are often available only in very small qimntities, 
a weU-buianced evaluation based on the in vitro activity of 
fireshly prepared jcenogmflts in the TCA is made possible 
before compounds are profiled in vhom an anmial model 
that might be iiot responsive to the okas of compounds 
tested. This process, as outlined above» reduces the costs 
of random 'm \ii\>o testing and tho use of aninmls. 
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By using a *bioinformallcs' approach It is also possi- 
ble to determine if a novel compound has a sitnliar in 
vUro profile (ICjo^ \Cn iTiean graph analysis) to those of 
standard or ejcp&rimental drugs that have been pre- 
viously tested in the TCA, or if t1:^t^ is a correlation 
between in viiw activity and the eKpvession of ispeciRc 
genes in the respective xenograft. By utilising this testing 
strategy, our laboratory was able to identify several 
novel lead compounds with in vitro and In v\vq activity. 
A number of them are now in development or in clinical 
phase II trial or I (66,80-84]. 

43, Comparison of the timour domgmlc may with 
monolayer assayx 

Tlie biologioai behaviour of t«moui*s growing in the 
clonogenfc as$ay as compared to nionolayer assays is 
different* and the test results are influenced by this fact* 
When primary tumour material from patients is used 
for testing, tlie solid tissue has to be disaggregated, and 
the resulting suspension contains not only tumour cells 
but also other host oel!s> e»g. niesolhelial cells or fibro- 
blasts. In the monolayer assny^ fibrobksts in geneml can 
overgrow the tumour cells of the suspension (up to 2-3 
passages), and the growth of the tumour ceils is some- 
times delayed, pepending on tiae expenniental set-up of 
mortolayer assays^ flbroblast contamination can gimtly 
mfluence the final results {e.g. DNA content, pi'Otein 
content, metabolic activity of cells). In soft-agar cul» 
tures» in contrast, fibroblasts and other normal host 
cells cease growth and tluis present no problem. 

In our opinion, the TCA with established human 
tumour xenografts is important in current drug dis- 
covery strate^es. We have therefore included the TCA 
as a secondary assay in our approach to anticancer drug 
dlKcovery and have found a number of novel acUve 
agents that are now In advanced preclinical develop- 
meat or clmic^ii U'ials. Thus the TCA has recognised 
predictive value in the chemosensitivity testing of stan- 
dard and eTcperU-nental anticancer dnip* 
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